Dynamics of HIV-1 infected population acquired via different sexual contacts route: a case study of Turkey
Introduction
One of the major factors leading to the prevalence and epidemics of HIV/AIDS is the increase in the population of men having sex with men (MSM). Most of the countries affected are the United States, Canada, Australia, and New Zealand. However, in some of the under-developed and developing countries, heterosexual sex, injection drug use, and/or transfusion of contaminated blood remain the main mode of transmission of the disease [1] and [2] . A sudden rise of HIV cases in MSM was detected in the continent of Africa, Asia, South America, and Eastern Europe [3] . According to a report in China, the rates of HIV infection in MSM is increasing dramatically, while other means of transmissions are either decreasing or remaining under control. The rate among MSM increased from 12.2% in 2007 to 35.5% in 2009. As a result, China is declared as one of the countries experiencing the rise of HIV epidemics in MSM [4] .
In a report by the European surveillance network, Euro HIV, the number of new HIV cases in MSM rises from 2538 to 5016 during 1999-2006 across 13 Western European countries. This signifies almost 100% increase in new cases among MSM [5] . Central European countries experienced low prevalence of new HIV cases among MSM, but a sudden increase started in the year 1999 with 130 cases. This number increases by more than 100% in 2006, where 295 new cases were recorded. The countries in this region contributed at least 50% of the total number of HIV cases in MSM recorded across Europe. In Eastern Europe, not more than 1% of newly reported cases were in MSM, and no increase was discovered over time [6] . The annual HIV incidence rate in the Netherlands was 1.2% for a period of 6 years (1999-2005) . However, a relative increase was noticed among MSM [7] .
In 2008, the US Centers for Disease Control and Prevention (CDC) reported that, around 1. increase. Despite the fact that the blacks forms just 13% of the US population, the number of HIV/AIDS cases diagnosed in black MSM aged 13-24 years (7658) was at least twice the number diagnosed in whites (3221) [8] .
Р е п о з и т о р и й К а р Г У According to a report in 2006, 56,300 new adult HIV infections were recorded, of which 53% were in MSM. Among the new HIV infections in men, 72% were in MSM, and of new infections in MSM, 46% were in whites, 35% were in blacks and 19% were in Hispanics. Therefore, the estimated HIV incidence among black MSM was 5.9 times bigger than among white MSM [9] .
Mathematical models help to study the dynamics, spread and control of infectious diseases. It highlights and explains the possible outcome of an epidemic and aids in suggesting the various control measures. Kermarck and McKendrick in 1927 formulated an SIR model which studied the dynamics of infectious diseases [10] . The most important parameter that determines the outcome of an epidemic is the basic reproduction ratio (R 0 ). It is the number of secondary infection caused by a single infective individual in a completely susceptible population. If the basic reproduction ratio is less than one, then there is not going to be an epidemic, which means that the disease will die out. Otherwise, an epidemic will occur [11] and [12] . Many mathematical models in literature have studied the dynamics of HIV/AIDS [13] .
Our aim in this research is to study the dynamics of HIV/AIDS among heterosexuals, MSM/bisexuals, and others in Turkey. We use data obtained from Kocaeli University, PCR Unit, Turkey to analyze and predict the trend of HIV/AIDS among these groups. This is because Kocaeli University has the largest HIV data collection center in Turkey.
Model formulation
The model is given by the system of differential equations as follows, where the meaning of parameters/variables is given in Table 1 .
T a b l e 1
Meaning of parameters and variables of model (1 Incidence rate between MSM β 3 Incidence rate between others
In our model, S(0) is considered to be the whole population in a specific year, H 2 consists of both MSM and bisexuals HIV positive population, and β 2 is the transmission rate of HIV through MSM or bisexuals. Moreover, we refer to HIV positive of other population as those that acquire the disease through contaminated blood transfusion, contact with infected sharp objects and so on.
Existence of Equilibria
Equating the equations in (1) to zero and solving simultaneously we find four equilibrium points. They are as follows. Disease free equilibrium point E 0 = ( 
Basic Reproduction Ratio
Basic reproduction ratio is the number of secondary infections caused by a single infective individual in a completely susceptible population. It is denoted by R 0 . We use the next generation of matrix (NGM) method to compute the basic reproduction ratio and it is given by
where
µ(µ+v) , and R 3 = β3Λ µ(µ+v) .
Global Stability Analysis of the Equilibria Theorem 1. E 0 is globally asymptotically stable when R 0 < 1. Proof. We consider the following Lyapunov function;
The endemic equilibrium point E 1 is globally asymptotically stable when
Proof. The proof is similar to Theorem 1 by considering the following Lyapunov function;
Theorem 3. The endemic equilibrium point E 2 is globally asymptotically stable when R 1 > 1, R 2 > 1 and R 3 < 1.
Theorem 4. The endemic equilibrium point E 3 is globally asymptotically stable when R 1 < 1, R 2 < 1 and
Proof. The result can be achieved using the following Lyapunov function;
Numerical Simulations
We use the raw data obtained from Kocaeli University, PCR Unit, Turkey from January 2016 to March 2017. This unit is a collection center for HIV in Turkey. Table 2 , 3, Pictures 1 and 2 show the outcomes of the analysis of the model. The dynamics of the heterosexuals, MSM/bisexuals and others is given by Picture 1.
T a b l e 2 Analysis of the model with incidence rates
T a b l e 3 Analysis of the model with Basic reproduction ratios 
Discussion and Conclusion
We constructed a mathematical model that studies the transmission dynamics of HIV/AIDS in heterosexuals, MSM/bisexuals and others. The basic reproduction ratio was computed using the next generation matrix method. Four equilibrium points were obtained which include disease free and endemic equilibrium points. The global stability analysis of each of the equilibria was conducted using the Lyapunov function, and the stability of the equilibrium points depends on the basic reproduction ratio R 0 . If the basic reproduction ratio is less than one, there will be no epidemic, which means the disease will die out, otherwise, an epidemic will occur.
From table 3, the basic reproduction ratios of heterosexuals, MSM/bisexuals, and others are 1.08, 0.6719, and 0.050, respectively. Based on the table and Picture 1, the epidemics will occur in the heterosexuals, while no epidemics will occur in the MSM/bisexuals and others. Although no epidemics will occur in MSM, but the basic reproduction ratio is close to 1, so if care is not taken in MSM/bisexuals epidemic may occur as time goes on. The threat posed by HIV/AIDS through heterosexuals is greater, than followed by MSM, and than the others. However, this is subject to the initial values which can change the nature of the graph, because, normally the data is usually collected at the early stages of the infection (trauma stage), so patients may hide their sexual status or refuse to give accurate information. We therefore recommend the use of IVD drug data in any community with similar settings as that of Turkey like the Asian countries, African countries, and Islamic countries for data collection.
The relevant authorities should put priorities in containing the disease in order of their threat. It is also evident that the incidence rate plays a vital role in posing this threat as can be seen from Table 2 , therefore to contain the disease it is advisable to employ the appropriate measures in decreasing the incidence rates. Finally, Picture 1 shows the prediction of these epidemics for the three cases in 50 years.
Istanbul is the most populous city and center for tourism in Turkey. It is one of the largest cities in Europe and considered to be the home of immigrants. Hence, the population in Istanbul has more freedom, is well mixed, versatile, and tolerant. These are among the major factors that give rise to the increase in MSM population in Istanbul because people are not afraid to say their sexual status. Therefore, tourism, immigration, and increase in MSM population make Istanbul the center for the spread of HIV infection in Turkey.
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